We examined the relations among cerebrospinal fluid (CSF) monoamine metabolite concentrations, plasma hormone concentrations, aggression, and impulsive risk-taking behavior in a free-ranging population of female rhesus macaques. We selected 44 juvenile female rhesus macaques as subjects from a population of approximately 3000 macaques that inhabit a 475-acre Sea Island. We obtained CSF and blood samples, and recorded behavioral observations over a subsequent 18-month period. Our results indicate an inverse correlation between CSF concentrations of the major serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA), and the frequency of low-intensity restrained aggression typically associated with matrilineal defense of social status. In contrast, previous research with males has shown an inverse correlation between CSF 5-HIAA concentrations and levels of violent unstrained aggression typically associated with traumatic injury and death. We also noted a negative correlation between plasma concentrations of the stress hormone cortisol and the frequency of low-intensity aggressive acts, a finding not reported in our previous studies with males. Further examination revealed a negative correlation between CSF 5-HIAA concentrations and the rate of long dangerous leaps through the forest canopy, suggesting that the relation between low serotonergic functioning and impulsivity may generalize to both female and male primates. These results indicate that females with low CSF 5-HIAA concentrations, like their male counterparts, are at increased risk for impulsive temperament, but that unlike males, females may be buffered from this risk through intersexual differences in life history patterns and social affiliation.
INTRODUCTION
Following a comprehensive review of the animal literature which consisted primarily of studies utilizing rodents, Soubrié (1986) concluded that deficits in central serotonin (5-HT), whether naturally occurring or pharmacologically induced, lead to deficits in waiting for reinforcement and withholding behavior to avoid punishment, and suggested that impaired CNS serotonin might form the basis of a number of psychopathological syndromes. Numerous studies have shown that men with psychopathological syndromes associated with impaired impulse control, such as explosive aggression and impulsive violence, and social incompetence exhibit low CNS serotonin 5-HT activity, as reflected in low cerebrospinal fluid (CSF) concentrations of the major 5-HT metabolite 5-hydroxyindoleacetic acid (5-HIAA) (Brown et al, , 1982 Linnoila et al, 1983; Kruesi et al, 1990; Virkkunen et al, 1994a, b) . Included among these deleterious patterns are high rates of criminality, alcohol dependence and abuse, and premature mortality from murder and suicide Banki et al, 1981; Borg et al, 1985; Moss, 1987; Roy et al, 1989; Virkkunen et al, 1989) . Although relations among serotonin, impaired impulse control, severe aggression, and social competence are less well-documented in women than in men, the limited literature base suggests a pattern of impulsive deficits that is consistent across sexes (Linnoila and Virkkunen, 1992 ; but see Manuck et al, 1998) . Few studies have focused longitudinally on the role of serotonin in the development of impulse-deficit psychopathology in women, despite their frequent rates of suicide, child abuse, and alcohol and drug abuse (eg Fleming et al, 1998; Kelley, 1998; Hiroeh et al, 2001; Preuss et al, 2002) .
Prospective studies of male rhesus macaques (Macaca mulatta), both in free-ranging and laboratory environments, have shown that animals with low concentrations of CSF 5-HIAA develop pathological patterns of antisocial behavior that parallel those seen in their human male counterparts. Included among these impulsive lifestyle patterns are severe unrestrained aggression, impulsive risk-taking, excessive alcohol intake, and violence leading to trauma and early mortality (Higley et al, 1992a (Higley et al, , b, 1994 (Higley et al, , 1996b (Higley et al, , c, 1997 Mehlman et al, 1994 Mehlman et al, , 1995 Mehlman et al, , 1997 Doudet et al, 1995; Kyes et al, 1995; Kalin, 1999) . It is important to note that male macaques with low CSF 5-HIAA concentrations do not necessarily show higher rates of overall aggression than do males with high CSF 5-HIAA concentrations, but instead these monkeys show higher rates of only the most violent and severe forms of aggression that escalate to dangerous levels, such as prolonged chases and physical assaults (Higley et al, 1992b (Higley et al, , 1996b (Higley et al, , c, 1994 Mehlman et al, 1994 Mehlman et al, , 1995 Mehlman et al, , 1997 . Interestingly, reviews of aggression in nonhuman primates generally indicate that overall rates of aggression are similar between the sexes (Higley, in press ). However, because male macaques are larger and possess longer canines than female macaques, they are more likely than females to produce trauma and wounding through aggression. Within the laboratory, females with low CSF 5-HIAA concentrations are more likely than males to be removed from their groups as a result of severe wounding requiring veterinary treatment (Higley et al, 1996a) . Our observations indicate that female violence produces tail and hip wounds in other females, and we have observed a number of cases where females produce severe trauma and at times even death using violent methods (Higley, personal observations) . Little is known, however, with respect to direct female participation in impulsive aggression. No study has investigated the underlying psychobiology of female aggression in natural settings. Such a study is of critical importance in developing an animal model of violent behavior to provide evidence for its usage, underlying epidemiology, as well as the underlying biological variables that mediate such pathological behavior.
Studies of nonhuman primates have shown that patterns of aggression and violence in monkeys with low CSF 5-HIAA concentrations are only one aspect of an overall psychopathological temperamental pattern of behavior. For example, nonhuman primate males with low CSF 5-HIAA concentrations tend to be socially isolated as evidenced by the reduced time spent in social interactions and increased distance from conspecifics (Higley et al, 1992b (Higley et al, , 1996b Mehlman et al, 1994 Mehlman et al, , 1995 Mehlman et al, , 1997 . As in humans, much less is known concerning the relation between low CSF 5-HIAA concentration and patterns of affiliative behavior in female primates, and even less is known about the psychobiology of aggression in free-ranging animals. While in both humans and nonhuman primates violence is less likely in females than in males, laboratory studies suggest that the negative correlation between 5-HT turnover and aggression, and the positive correlation between 5-HT turnover and sociality, may generalize to both sexes (Higley et al, 1996a, d )Falso see (Shively et al, 1995) .
Despite evidence indicating that females with low CSF 5-HIAA concentrations may show aggressive behaviors that parallel those in males with low CSF 5-HIAA concentrations, there is reason to believe that females may be buffered from the aggressive effects of impaired CNS serotonin functioning. This may be due in part to sex-based differences in life-history patterns. Perhaps, the most striking long-term difference between the sexes is that while males leave their natal groups to emigrate at or near the age of sexual maturity, females are closely bonded, and remain within their natal troops with their mothers and sisters as integral parts of smaller matrilineal-headed, extended families (Koford, 1965; Boelkins and Wilson, 1972; de Waal, 1989) . As a result, gender differences oriented at maintaining close family relations are apparent at an early age. For example, some studies suggest that infant female rhesus macaques spend more time on their mother's ventrum than do infant males (Mitchell, 1968; Bappenheim and Tartabini, 1983) . Further, as juveniles, females are less likely to engage in aggressive, rough, and tumble play than are males (e.g. Mason, 1960; Harlow, 1965) , and instead spend more time in close proximity to their mothers and female kin in grooming bouts, a behavior widely seen as the 'glue' of sociality among macaques. Additionally, females are more likely to engage in infant care and interactions than are their male counterparts (Spencer-Booth, 1968) .
In the wild, troops of rhesus macaques consist of 40-200 individuals divided into matrilineal-headed extended families with a grandmother, daughters, and their offspring. Matrilines are stratified by high-low social dominance rank, which is maintained by lifetime vigorous cooperative family defense, in which female kin typically defend one another as well as the offspring of both sexes (Lindburg, 1971; Berman, 1980 Berman, , 1983 Bernstein and Ehardt, 1986; de Waal, 1989) . High-ranking juveniles learn their social status early in life, and as a result of their kin's social support, often displace low-ranking adults during competitive challenges (Berman, 1980; de Waal, 1989) . While males lose access to such social support during adolescence as they move to other troops, females maintain this family-oriented social support network throughout their lifetimes.
Given their close family support system and its quick kin response to threat, a buffering of the impulsive temperamental lifestyle in females would not be surprising. For example, females, who in contrast to males have the benefit of reliable support networks during competitive challenges, may be more likely to initiate and engage in aggressive interchanges. Moreover, such social support for females may buffer the deleterious effects of impulsivity, with other female members quickly coming to the aid of a related daughter, thereby reducing the probability of aggressive injury and social isolation.
To test this general theory of social buffering in females with low CSF 5-HIAA concentrations, in the present study we examined relations between CSF 5-HIAA and aggression using free-ranging female rhesus macaques. We also chose to study females to further develop our nonhuman primate model of violent, antisocial-like behavior, and specifically to assess whether the pathological problems seen in males with low CSF 5-HIAA concentrations differ or generalize across sexes. To investigate longitudinally the etiology of adult psychopathology, we began our investigation as early in development as possible under field conditions, looking at young females shortly after the birth of their younger siblings. Initiating our study at this age allowed us to begin early in life to assess subjects when they are just fully weaned and independent of the mother, and to look at how early interindividual differences predict future life patterns.
We sought to produce as much as possible a homogeneous sample by selecting animals that are representative of the typical rhesus extended family. Since orphans and firstborns exhibit behavior patterns that are atypical when compared to other offspring (Hasegawa and Hiraiwa, 1980) , and to provide a homogeneous sample of offspring to investigate and a sample that was most likely to generalize to the larger population, we selected females from families that represent the average female rhesus macaque, with a sibling, a mother who was still alive, and older sisters. We measured interindividual behavior characteristics of impulsivity and aggression that replicated those measured in previous publications of males with varying levels of CSF 5-HIAA concentrations and HPA functioning.
We tested the following two hypotheses: First, like males with low CSF 5-HIAA, female rhesus macaques with low CSF 5-HIAA concentrations would exhibit impaired impulse control, as measured by unprovoked leaps between trees at dangerous heights. Second, like males, females would exhibit an inverse relation between interindividual differences in CSF 5-HIAA concentrations and rates of severe and impulsive aggression, although we theorized that the close family system would attenuate this effect. As we have done with the males, we also assessed relations among monoamine metabolites, HPA functioning, and social affiliation.
METHODS

Subjects and Design
The subjects were 44 female rhesus macaques aged 12-18 months at the onset of this investigation. We determined subjects' ages using direct observations of births as recorded in the census data taken from field observations that were collected by a team of between four and eight trained observers. The animals are part of a free-ranging colony of approximately 3000 monkeys that reside on a 475-acre South Carolina coastal Sea Island (Taub and Mehlman, 1989) . At the time of sampling, the population was organized into 35 social groups with an adult sex ratio of 2.5 females to one male. An exhaustive list of all available subjects with a living mother, new sibling, and an older sister in the pre-established age range was generated and subjects were sequentially selected from that list as they were captured. While our trapping procedure is passive virtually all yearlings are trapped during the trapping season, making a biased sampling unlikely.
Physiological Sampling
We obtained physiological data from 44 subjects over two sampling periods, separated by 2 months, as the animals were trapped in baited corrals (diameter of each corral ¼ 10-25 m, height of corral walls ¼ 4 m). Subjects were marked with a commercial dye for easy identification and were released back into their free-ranging environment. CSF and blood samples were obtained from each monkey at each of the captures. During the first sampling period physiological samples were obtained from 39 monkeys. At the time of the second sampling period, 27 of the original study subjects were captured, and five additional subjects were added to the study. Owing to technical difficulties, CSF samples could not be obtained from two subjects during the second sampling period.
To capture the monkeys, on the first day of each 5-day trapping period, the aluminum corrals where the monkeys receive their daily rations were baited with food and the doors were closed. Monkeys voluntarily jumped from the top of the walls down into the corrals to obtain the food or to be with the other captured animals, but were unable to escape because they could not jump out over the high corral walls. Following trapping, the monkeys were hand captured using large nets, anesthetized using ketamine hydrochloride (10 mg/kg), and weighed on a commercial scale accurate to within 0.25 kg. CSF and blood samples were drawn within 30 min of entering the capture corral. A volume of 2 ml of CSF was obtained from the cisterna magna of each subject using a 22-gauge needle and a 5 cm 3 syringe. The samples were then immediately aliquoted, quick frozen, and maintained on dry ice. Blood samples were obtained by venipuncture, then centrifuged using a portable centrifuge, and placed in dry ice. The blood was then transported to a laboratory on the mainland, where it was stored with the CSF at a temperature of À701C. CSF samples were assayed for 5-HIAA, homovanillic acid (HVA), and 3-methoxy-4-hydroxyphenylglycol (MHPG) using high-performance liquid chromatography with electrical detection as described by Scheinin et al (1983) . All intra-and interassay coefficients were less that 10%. Plasma samples were assayed for cortisol, adrenocorticotrophin (ACTH), and prolactin using radioimmunoassays (Abraham et al, 1972) . To control for how long each monkey was in the trap before being restrained for sampling, all of the females in the 10 corrals were captured each day, and released following sampling. Thus, no subject spent more than 1 day in a capture corral. To further control for this and other possible procedural confounds that might influence CSF and plasma values, records were kept of the elapsed minutes from when the technicians initially entered the corral until the CSF or blood sample was obtained; time of day and day of the week were also recorded for each sample. Weight of the subject animal was recorded within 0.1 kg. Following physiological sampling subjects were released with other members of their group back into the area of their home range.
Behavioral Sampling
Of the 44 subjects from whom we collected physiological samples, we were able to collect behavioral samples from 41. Subjects were located in the field by trained observers familiar with the daily movements of each troop. These technicians observed focal animals directly or through binoculars depending on the distance of the animal from the observer. Two observers collected four 30-min sessions of behavioral data per subject over an 18-month period. The samples were distributed such that two behavioral data collection sessions were conducted when the animals were 1 year old, and two sessions were conducted when the animals were 2 years old. Of the original 44 females from which we obtained physiological samples, two died during the early part of the study and one could not be found during the behavioral sampling and was presumed dead. The observers used a focal animal sampling method and randomized data collection sessions for subject order and time of day. Social behavior categories followed those used in our studies of male rhesus monkeys described in detail elsewhere (Mehlman et al, 1994) . The observers recorded the following behaviors: (1) proximity; (2) social grooming; (3) submission; (4) leaping between trees at dangerous heights; and (5) aggression. Aggressive behaviors were defined and categorized by intensity into displacements, stationary threats, chases, and physical assaults. These behaviors were treated as frequency data for which we calculated rates per hour. For the purpose of analysis, the data were summarized into moderate (displacements and threats) and severe (chases and assaults) aggression. The scoring system distinguished between the animal that initiated grooming or aggression from the animal that received grooming or aggression. Leaping, aggression, submission, and social grooming were scored independent of play.
Family dominance rankings were determined by assessing the directionality of dyadic outcomes between adult females of the same troop. A preferred food item (corn) was thrown between two females, and a 'winner' and 'loser' were scored when one female clearly submitted to the other by fear grimacing, avoiding, fleeing, etc. and the remaining female took the food item. Only clear submissions were scored. We determined rank by tabulating all group females in a matrix using the outcomes of these dyadic interactions, and assigned each adult female in a group a numerical rank. In order to control for group size and differing numbers of matrilines between social groups, we generated rank indices by dividing the numerical rank by the total number of individuals in the group. Offspring, including the females in this study, were assigned the rank of their matriline.
Unprovoked leaping behavior was scored as frequency data, falling into one of the three categories of increasing danger: (1) short leaps, (2) medium leaps, and (3) long leaps. Only those leaps occurring at a height of 7 m or greater were scored (judged to be high enough to be potentially harmful if a fall occurred). Leaps were only scored if they were unprovoked, and not part of a social or aggressive sequence. Leaps estimated to traverse less than 1 m of open space were scored as short. Leaps of 1 m to less than 3 m were scored as medium, and leaps greater than 3 m were scored as long. Since the overall rate of activity could influence the rate of leaping and thus the raw frequency of short, medium, and long leaps, a derived variable was calculated indicating the percentage of total leaps that were short, medium, and long. 'Long leap ratio', for example, was calculated by dividing the total number of long leaps by the total number of all leaps; it therefore represents the proportion of overall leaping that could be considered the most dangerous to the subject. Each occurrence of other behaviors was treated as an event with a corresponding duration.
Data Analysis
The descriptive statistics for each variable are presented in Table 1 . Paired t-tests were used to test for differences in CSF monoamine and plasma cortisol concentrations across sampling times 1 and 2. Univariate linear analyses were conducted by correlation z-tests and regression to test for correlations between physiological measures, behavioral variables, and possible confounding factors (see Tables 2  and 3 ). To assure that our analyses were not a product of extremes and to control for extraneous variables that may have affected the subject's physiology, individuals with values two or more standard deviations above or below the mean were excluded from our analyses. Since cortisol values were correlated with the time of day in which samples were taken during the first sampling period (see Table 2 ), multiple regression analysis controlling for this factor was used when correlating cortisol with any behavioral measure. Additionally, CSF HVA, CSF 5-HIAA, and CSF MHPG concentrations were significantly positively correlated; thus, to assess the independent contribution of these variables All behaviors are reported as mean number of acts per hour of observation.
when they were correlated with behaviors, multiple regression was used with the monoamine concentrations being entered as independent variables, and the behaviors being tested were the dependent variables.
RESULTS
Correlations Among Physiological Measures
Mean CSF monoamine metabolite and plasma hormone concentrations for the two samples (Time 1 and Time 2) did not differ between the two samples for CSF 5-HIAA, ACTH, and prolactin concentrations (p40.05 in all cases), but significant differences were found in concentrations be- 
Behaviors
We examined family dominance rank as a predictor of low intensity, high intensity, and total aggression frequencies. We found that aggression frequency did not differ by dominance rank in the study sample. Additionally, rank was not a reliable predictor of affiliative social behaviors, which included time spent grooming, time spent receiving groom, and time spent in proximity to other animals. Rank was not correlated with measures of leaping or our measure of impulsivity, that is, long leap ratios (p40.05 in all cases). Univariate, linear analysis indicated that the long leap ratio was positively correlated with both high-intensity and low-intensity aggression, with the correlation stronger for high-intensity aggression (high-intensity aggression: r (39) ¼ 0.46, po0.002; low-intensity aggression: r (39) ¼ 0.35, po0.03), and overall total aggression (r (39) ¼ 0.42, po0.006). The same ratios derived for both short and medium leaps were not significantly correlated with any measure of aggressive behavior. Neither leaping nor long leap ratio was significantly correlated with affiliative social behaviors, which included time spent grooming social partners, time spent receiving groom, or time spent in proximity to conspecifics.
CSF Monoamine Metabolites and Aggression
Univariate linear analysis indicated significant correlations between both CSF 5-HIAA concentrations and total aggression, and CSF HVA concentrations and total aggression (for CSF 5-HIAA: r (39) ¼ À0.34, po0.03; for CSF HVA: r (39) ¼ À0.39, po0.02, see Table 4 ). Further analysis indicated that CSF 5-HIAA and CSF HVA concentrations were each negatively correlated with the frequency of lowlevel aggression, that is, those bouts of aggression that did not result in direct physical conflict, but not with highintensity aggression, that is, chases and contact aggression (for CSF 5-HIAA and low-intensity aggression: r (39) ¼ À0.34, po0.03; for CSF HVA and low-intensity aggression: r (39) ¼ À0.40, po0.01, see Table 4 , Figure 1 ). CSF MHPG concentrations were not significantly correlated with behavioral indices of aggression in this sample of females (see Table 4 ). When multiple regression analysis was used to assess the relation between low-intensity aggression while controlling for the positive correlation between CSF 5-HIAA and CSF HVA concentrations, the overall R between the two monoamine metabolites and aggression remained significant (R(2,38) ¼ 0.45, po0.02); however, with the reduced degrees of freedom, the partial correlation for each metabolite failed to achieve statistical significance (CSF 5-HIAA r ¼ À0.18, po0.28; CSF HVA r ¼ 0.33, po0.07).
Plasma Hormones
Univariate linear analysis indicated a negative correlation between plasma cortisol and overall aggression (cortisol and total aggression: r (37) ¼ À0.34, po0.04, see Table 4 ).
Further analysis showed that this correlation was largely because of the correlation between low-intensity aggression and cortisol. Plasma cortisol concentrations were lower in subjects that engaged in high rates of low-intensity aggression (cortisol and low-intensity aggression: r (37) ¼ À0.35, po0.04, see Figure 2 ), but there was no correlation between cortisol and frequent high-intensity aggression (i.e. severe bouts of aggression that involved chases and violent attacks). Plasma ACTH and prolactin concentrations were not significantly correlated with frequencies of total, low-intensity, or high-intensity aggressive acts.
Physiological Correlates of Impulsivity
Univariate linear analysis indicated a negative correlation between the percentage of long leaps and CSF 5-HIAA concentration (r (39) ¼ À0.32, po0.05, see Table 5 and Figure 3 ). The same negative correlation was found with respect to the percentage of long leaps and both CSF MHPG (r (39) ¼ À0.34, po0.04) and CSF HVA (r (39) ¼ À0.37, po0.02). When multiple regression analysis was used to control for the positive correlation between CSF 5-HIAA and CSF HVA concentrations, with the reduced degrees of freedom, the overall R was not significant (R (3, 37) ¼ 40, po0.10), and none of the metabolites approached a level of statistical significance (r40.25). Univariate linear analysis revealed that none of the plasma hormone concentrations were associated with the long leap ratio. No significant correlations were found for the percentages of other types of leaps (short or medium distances) and monoamine metabolite or plasma hormone concentrations.
DISCUSSION
The positive interindividual correlation between the two CSF 5-HIAA samples is one of our most replicated findings, and in this study we show for the first time that it is present among free-ranging females. Our studies and others that have repeatedly sampled CSF from the same individuals have shown that in the controlled laboratory environment interindividual differences in CSF 5-HIAA concentrations remain stable over time and across situations in both males and females (Higley, in press ). Given the varied life events and situations that free-ranging females experience between samplings (fights, access to food, changing maternal support, etc.), our findings suggest that interindividual stability in the serotonin system is most likely a function of a trait-like response of the CNS system. Such findings suggest that as a potential risk factor, trait-like impaired CNS serotonin functioning may underlie a risk for violent aggression and other impulse control deficits. The significant positive correlation between CSF 5-HIAA and HVA concentrations found here has also been found in young male macaques (Higley et al, 1992b; Mehlman et al, 1994 Mehlman et al, , 2000 . However, in contrast to our previous findings showing a negative correlation between CSF MHPG and HVA concentrations in males (Mehlman et al, 2000) , the results of the present study indicate positive correlations between CSF MHPG, and both CSF 5-HIAA and HVA concentrations. The hereditary and environmental factors influencing the strong correlations among monoamine metabolite concentrations, and sex-based differences among these, are beyond the scope of the present study. However, it is interesting to note that preliminary results from studies in humans indicate sex-based differences in the expression of a putative functional promoter polymorphism in the monoamine oxidase A gene (Jonsson et al, 2000) . Specifically, among women carrying the allele associated with more efficient transcription, CSF 5-HIAA and HVA concentrations were higher than in women lacking the allele, while the opposite trend was true for men. We are currently investigating ways to evaluate this in our subject sample, in order to elucidate the genetic bases of monoamine and monoamine oxidase turnover in nonhuman primates, as well as the implications of these for social behavior.
Our data suggest that females with low CSF 5-HIAA concentrations are more impulsive than are females with high CSF 5-HIAA concentrations. In the present study, we found that CSF 5-HIAA concentrations were negatively correlated with the proportion of spontaneous, unprovoked long leaps, but not with overall leaping frequency, suggesting that the negative correlation between dangerous leaping and CSF 5-HIAA concentration is not simply a result of higher activity in females with low CSF 5-HIAA concentrations. The results of the present study suggest that the negative correlation between impaired serotonin function and impulsive behavior found in males may generalize to females among M. mulatta. However, unlike in our research with males, we found that CSF HVA and CSF MHPG were correlated with impulsive leaping in our female subject sample. Age differences cannot be ruled out as contributing to this difference between sexes, because we first recorded impulsive leaping in our male subjects at a somewhat later age than in our female subjects. Alternatively, one speculative but related explanation for the relation between the dopamine system and dangerous, spontaneous long leaps is that at this younger age, sensation seeking may play a role in this behavior. Both the dopamine and noradrenergic systems have been linked to sensation seeking in humans (Zuckerman, 1985) . Moreover, low anxiety is linked to low levels of CSF MHPG in some studies (Redmond et al, 1986). It seems likely that anxious animals would be less likely to venture into situations of risk. Thus, it may be that in females, impulsivity, sensation seeking, and low anxiety underlie this dangerous behavior. Further testing of this hypothesis will require replication in older female subjects. Replicating in part the results from studies with male primates (Higley et al, 1992b (Higley et al, , 1996c Mehlman et al, 1994 Mehlman et al, , 1995 , there was a negative correlation between agonistic behavior and CSF 5-HIAA concentrations. However, unlike findings in our male subjects, the more severe and dangerous high-intensity aggression was not significantly correlated with CSF concentrations of 5-HIAA. Lower intensity, restrained aggression that is typically used to defend status, on the other hand, was negatively correlated with CNS serotonin turnover. Interestingly, long leaping, our measure of impulsivity, was correlated with low intensity and overall aggression. These findings indicate that among females, at least those living in natural settings, low-intensity aggression is correlated with low CSF 5-HIAA concentrations, and that low CNS serotonin turnover and impulsivity may in part underlie aggressive behavior in females.
There are gender differences in the expression of aggression in male and female macaques that may explain in part the difference between the males who showed a strong correlation between escalated aggression and CSF 5-HIAA concentrations, and the females who showed no relation between high-intensity aggression and CSF 5-HIAA concentrations. Male and female rhesus macaques engage in relatively equal amounts of overall aggression in natural environments; however, females are less likely to engage in severe aggression, and are less likely to be severely wounded, than are males (Lindburg, 1971) . Further, females tend to receive their wounds in the hind area, presumably while avoiding aggression, whereas males are more likely to engage in frontal assaults that result in wounds to the face and frontal area (Hausfater, 1972) . Studies show that within groups of macaques, female kin spend more time in close proximity than do males (Berman, 1983) and perhaps as a result, females are more likely to defend their female offspring and kin than their male relatives (Bernstein and Ehardt, 1986) . That females spend more time in the presence of close kin may also explain why among females the target of aggression is often a family member. Such aggression seldom escalates to severe levels.
While we were not able to ascertain with whom our subjects were fighting, one possible related explanation is that in the context of family and close kin, aggression in juvenile females with low CSF 5-HIAA concentrations is more likely to be directed at relatives, and perhaps as a consequence, aggression is expressed at a lower level than is seen in the males who spend more of their time with nonkin. We are in the process of placing identifying marks on the close kin of our subjects in order to test this hypothesis. Consistent with this interpretation, impulsive long leaps were also correlated with low-intensity aggression, suggesting an impulsivity link to low-intensity aggression, a finding that is unlike our data from males.
As we have seen in male rhesus macaques, high-intensity aggression was correlated with impulsive long leaps in our female subjects, suggesting that impulse control deficits are an aspect of violent aggression among females as well as males. In related research, Higley et al (1996a) found that in the laboratory, when unfamiliar female rhesus macaques were placed together to form a social group, wounds were more frequently observed among subjects who possessed low CSF 5-HIAA concentrations than among subjects with high CSF 5-HIAA concentrations. In another study of unrelated laboratory-dwelling females who had been placed together to form a breeding group, subjects with low CSF 5-HIAA concentrations engaged in relatively high rates of severe aggression (Westergaard et al, 1999) , suggesting that high-intensity aggression of a violent nature is a characteristic of females, as well as males, with low CSF 5-HIAA concentrations. In a previous study (Westergaard et al, 1999) , we found a parallel species difference, with rhesus macaques, who are reportedly one of the more aggressive macaque species (Bernstein and Gordon, 1974) , exhibiting lower CSF 5-HIAA concentrations, higher rates of serious and escalated aggression, and a higher incidence of wounding, when compared to the more placid and friendly pigtailed macaques (Macaca nemestrina). Additionally, in females of a closely related species (Macaca fascicularis), Shively et al (1995) found that rates of aggression were negatively correlated with the prolactin response to a fenfluramine challenge, although it must be noted that the authors did not differentiate impulsive aggression from general aggression.
In all of these studies, severe aggression was observed between unrelated females. In contrast, females in the present study lived in matrilineal families. We found that low serotonergic turnover was correlated with high frequencies of overall aggression, and specifically with low-intensity aggression. Given that this is the first study of the relation between aggression and serotonin in females living in the natural setting, it is plausible that the reason for the discrepant finding between previous studies of laboratory dwelling rhesus females and the current study may be because of factors intrinsic to the natural environment. We suggest that this may be explained in terms of differences between the genders in the natural life history and close family bond among this female-resident species. Given the strong female social bonds and social support that characterizes the rhesus macaque social system, the consequences of low serotonergic turnover may be buffered by the family and kin in agonistic situations.
As with the serotonin system, CSF concentration of the dopamine metabolite HVA was correlated with lowintensity aggression but not with high-intensity aggression. In studies with males, multiple regression analysis revealed that when the common correlation between CSF 5-HIAA and CSF HVA was controlled, only the independent contribution of CSF 5-HIAA remained significant (Mehlman et al, 1995; Higley et al, 1996b ). In the current study, when multiple regression was performed, both systems remained as contributors to aggression. This is not consistent with laboratory studies of older females, where only CSF 5-HIAA concentrations were correlated with aggression (Higley et al, 1996a) . Subsequent studies will be needed to further understand the relative contributions of the serotonin and dopamine systems in the expression of impulsivity and aggression in females.
Give and receive groom, and social proximity, were all correlated and closely intertwined, suggesting a constellation of social behaviors indigenous to an individual subject. Sociality has been shown to be trait like in rhesus macaques, enduring over time and situation (eg see Higley and Suomi, 1989) . Affiliative behaviors did not correlate with any of the physiological measures, a finding consistent with our early research in juvenile males (Mehlman et al, 1995) . In studies with males, positive correlations emerged between serotonin functioning and sociality only after the males were older and more independent of their mothers. We are following these female subjects to assess whether such relationships are found in older subjects and whether these behavior and physiological measures are related to rank in the natural setting.
Surprisingly, high levels of plasma cortisol were correlated with low rates of overall and low-intensity aggression, but not with high-intensity aggression. Aggression carries with it both a risk of physical injury and a risk of social alienation. It is reasonable to expect that cortisol would be higher in the females that engaged in the most aggression, since presumably they are under more stress. Moreover, in this study receiving aggression was not correlated with cortisol. Also, at variance with these findings are the results from our original study of male aggression (Higley et al, 1992b) . In that study, subjective rankings for aggression, based chiefly on the frequency and location of scars and wounds, were positively correlated with plasma cortisol and ACTH concentrations. High-ranking animals typically engage in more frequent low-level aggression to defend their status and some studies show that high-ranking animals have higher cortisol levels. While it seems reasonable to interpret this in terms of a social dominance model in which high-ranking animals engage in a high rate of lowintensity aggression to defend status (Higley and Suomi, 1996) , none of the social dominance measures were correlated with aggression. This may be a result of social buffering of higher-ranking mothers to whom the juvenile females were still partially dependent. While the underlying reason cannot be ascertained, our data suggest that the females that initiate and engage in high rates of low-level aggression were under less stress than those that seldom initiate aggression. One difficulty in interpreting this finding is that with our current system it is not possible to ascertain the identity of the target of the subjects' aggression. It is also important to note that the present study addresses questions of aggression only among juvenile females. Since aggression may serve different functions depending on the age, sex, and relatedness of the target (eg maintaining status, obtaining food from an infant, or taking part in a large coalition), we have modified our scoring system to allow us to identify targets of aggression. We continue to collect physiological and behavioral data for our subject sample of females in order to examine the relations among monoamine and plasma hormone concentrations and behavior during adulthood.
In summary, we found that CSF 5-HIAA concentrations correspond negatively with rates of low-level aggression as well as with the proportion of long dangerous leaps in this sample of free-ranging rhesus macaque females. These results support the view that CNS serotonin and possibly dopamine functioning is related to agonism and impulsive control in female primates. In this species, the effects of low serotonergic turnover may be buffered in agonistic situations as a result of strong social support among females, such that low-level aggression associated with defense of status, rather than high-level violent aggression, is associated with low CSF 5-HIAA concentrations.
